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ABSTRACT 

/ 

The advantages and disadvantages of modifying the  
c u r r e n t  design of t h e  communications systems of t h e  Air lock 
Module (AM) and t h e  Apollo Telescope Mount (ATM) i n  e i t h e r  of 
t h e  t w o  manners a s  r e c e n t l y  proposed by MSFN are d iscussed .  
I n  one proposa l ,  t h e  AM would be provided wi th  an S-band 
r e c e i v i n g  system and t h e  c a p a b i l i t y  t o  r ece ive  up-data s i g n a l s  
f o r  both t h e  AM and ATM up-data systems. I n  the second 
proposa l ,  t h e  AM would be provided wi th  a Unif ied S-Band 
system which would provide t h e  O r b i t a l  Assembly (OA) wi th  a l l  
of t h e  r equ i r ed  real-time and delayed-time communications and 
t r a c k i n g  c a p a b i l i t i e s .  It  i s  t h e  opinion of t h e  w r i t e r  t h a t  
n e i t h e r  one of these t w o  proposals  should be implemented on 
t h e  f i r s t  workshop. However, cons ide ra t ion  should be g iven  t o  
t h e  implementation of an i n t e g r a t e d  te lemet ry  system for t h e  
f i r s t  and/or second workshops which would i n t e g r a t e  t h e  d a t a  
f r o m  t h e  workshop and a l l  modules  docked t o  it (OA) dur ing  any 
p a r t  of i t s  mission i n t o  two PCM t e lemet ry  b i t  streams, one 
con ta in ing  a l l  of t h e  real-time d a t a  and t h e  second con ta in ing  
a l l  of t h e  delayed-time d a t a  from t h e  OA. 
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MEMORANDUM FOR F I L E  

1 .0  INTRODUCTION 

The advantages and d isadvantages  of  modifying t h e  
c u r r e n t  design of t h e  communications systems of  t h e  Air lock 
Module (AM) and t h e  Apollo Telescope Mount (ATM) and of 
modifying t h e  c u r r e n t  p l an  f o r  ope ra t ion  of t h e  communications 
system of  the Command and Service Module (CSM) when docked t o  
t h e  Saturn V Workshop (SWS) i n  t h e  Apollo Appl ica t ions  Program 
(AAP) as proposed by t h e  Marshall  Space F l i g h t  Center (MSFC) 
dur ing  a meeting he ld  a t  t h e  Manned Spacecraf t  C e n t e r  (MSC) on 
September 24, 1969  are d iscussed  i n  t h i s  memorandum. The 
w r i t e r  a t tended  t h i s  meeting w i t h  r e p r e s e n t a t i v e s  from t h e  
Of f i ce  of Manned Space F l i g h t ,  Of f i ce  of Tracking and Data 
Acquis i t ion  (OTDA) , Goddard Space F l i g h t  Center (GSFC) , MSC, 
and MSFC where MSFC presented t w o  proposa ls  f o r  modi f ica t ion  
and p a r t i a l  i n t e g r a t i o n  of t h e  communications systems of  t h e  
AM and ATM of mission AAP-1 and MSC d iscussed  t h e  advantages 
and p o t e n t i a l  ground suppor t  cost sav ings  i n  t h e  Manned Space 
F l i g h t  N e t w o r k  (MSFN) afforded by the  MSFC proposed modi f ica t ions .  
A copy of t h e  v i s u a l  a i d s  used dur ing  the MSC p r e s e n t a t i o n  are 
a t t a c h e d  t o  t h i s  memorandum (Attachment 1). The cost f i g u r e s  
appearing i n  Attachment 1 m u s t  be  considered as g ross  estimates. 
A t  the conclusion of t h e  meeting, it w a s  decided t h a t  representa-  
t ives  of MSC and GSFC and poss ib ly  from OTDA would m e e t  as soon 
as p o s s i b l e  t o  r e f i n e  and/or correct these cost sav ings  estimates. 

I 

The t w o  MSFC proposals  f o r  modi f ica t ion  and p a r t i a l  
i n t e g r a t i o n  of t h e  c u r r e n t  communications systems of t h e  AM and 
the ATM are descr ibed  i n  s e c t i o n  2 .0  and t h e  advantages and 
d isadvantages  of implementing of t h e s e  proposa ls  are d iscussed  i n  
s e c t i o n  3.0. A summary inc luding  recommendations is provided i n  
s e c t i o n  4.0. 

2 . 0  DESCRIPTION OF THE MSFC PROPOSED MODIFICATIONS 

I n  the s impler  of t h e  t w o  MSFC proposals  (Attachment 2) , 
t h e  450 MHz command receivers and t h e  a s soc ia t ed  UHF antenna 
systems of t h e  ATM and AM would be removed and redundant S-band 
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r e c e i v e r s  w i t h  70 kHz s u b c a r r i e r  demodulators and an S-band 
antenna system would be added t o  t h e  AM. T h e  composite s i g n a l  
ou tpu t  of t h e  70 kHz s u b c a r r i e r  demodulators, c o n s i s t i n g  o f  a 
1 kHz synchroniza t ion  re ference  tone  l i n e a r l y  summed wi th  a 
2 kHz tone  which has been phase s h i f t  keyed by d i g i t a l  d a t a  
informat ion ,  would be routed  to  t h e  c u r r e n t l y  e x i s t i n g  command 
decoders i n  t h e  AM and t h e  ATM. A l l  o t h e r  equipments of  t h e  
communications systems of t h e  AM, ATM, and CSM as w e l l  as t h e  
ope ra t ion  of t h e s e  communications systems would remain unchanged. 

In  t h e  second MSFC proposal  (Attachment 3 1 ,  t h e  UHF 
command r e c e i v e r s  of t h e  AM and ATM, t h e  VHF te lemet ry  t r a n s m i t t e r s  
of t h e  AM and ATM, t h e  UHF and VHF antenna systems of the AM and 
ATM, t h e  t a p e  r eco rde r s  of t h e  AM and ATM, and t h e  PCM t e l eme t ry  
system of  the AM would be removed from t h e  e x i s t i n g  communications 
systems. The a d d i t i o n  of the  fo l lowing  equipments t o  t h e  
remaining equipments of  t h e  AM communications system would 
provide t h e  AM w i t h  t h e  c a p a b i l i t i e s  f o r  real-time voice 
ccm.unicat ions w i t h  the  MSFN,  t e l e v i s i o n  t ransmiss ion  t o  t h e  MSFN,  
and a c t i v e  t r a c k i n g  a s s i s t a n c e  t o  the MSFN (which i s  provided by 
the  CSM i n  the c u r r e n t  conf igu ra t ion )  i n  a d d i t i o n  t o  i t s  c u r r e n t  
c a p a b i l i t i e s  f o r  up-data recept ion  f r o m ,  real-time and delayed- 
t i m e  t e lemet ry  t ransmiss ion  t o ,  and delayed-time voice  t r a n s -  
mission t o  t h e  MSFN:  

Unif ied S-Band (USB) system w i t h  a ranging c a p a b i l i t y  
which would be s imi la r  t o  t h e  USB system of t h e  CSM 
and would nominally be used t o  provide a l l  of t h e  
communications l i n k s  between t h e  MSFN and t h e  OA, 

S-band antenna system, 

Programmable PCM telemetry system which would combine 
1 .6  k i l o b i t s  p e r  second PCM b i t  stream from t h e  CSM 
PCM te lemet ry  system wi th  d a t a  f r o m  t h e  AM t o  form a 
s i n g l e  continuous PCM b i t  stream, 

Audio c e n t e r  wi th  c a p a b i l i t i e s  s imi l a r  t o  t h e  audio 
c e n t e r s  of t h e  CSM, 

Mult i - t rack t a p e  recorder  system wi th  s u f f i c i e n t  
c a p a b i l i t y  t o  support  t h e  d a t a  storage requirements 
f o r  vo ice ,  experiment d a t a ,  and l o w  b i t  ra te  PCM 
data from t h e  s e p a r a t e  PCM t e l eme t ry  systems of t h e  
AM and ATM, and 

Premodulation processor  which would provide t h e  i n t e r -  
f a c e  between t h e  var ious  equipments of t h e  AM and ATM 
communications systems and t h e  USB system equipments. 
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I n  t h i s  proposa l ,  t h e  e x i s t i n g  P6M te lemet ry  system of  the  ATM 
would be r e t a i n e d  and would be independent of the PCM t e l eme t ry  
system of the  AM. Each system would gene ra t e  a PCM b i t  stream 
fo r  real-time t ransmiss ion  t o  t h e  E a r t h  and a t  least  one PCM 
b i t  stream f o r  on-board s torage .  The e x i s t i n g  command decoders 
of t h e  AM and ATM communications systems would a l so  be r e t a i n e d .  
I n  this proposa l ,  t h e  USB communications system of  t h e  CSM 
would be i n a c t i v e  dur ing  those mission pe r iods  when t h e  CSM i s  
docked t o  t h e  SWS. However, if high b i t  r a t e  (51.2 kbps) PCM 
t e l eme t ry  w e r e  r equ i r ed  f r o m  the  CSM dur ing  those mission 
p e r i o d s ,  it would be t r ansmi t t ed  s e p a r a t e l y  t o  t h e  MSFN v ia  t h e  
USB system of t h e  CSM. 

The cost and schedule impact r e s u l t i n g  from 
implementation of these t w o  proposals  would be 3 .0  m i l l i o n  
d o l l a r s  and 3 months de lay  i n  the  a r r i v a l  of t h e  AM a t  Cape 
Kennedy f o r  t h e  f i r s t  proposal o r  24 .0  m i l l i o n  d o l l a r s  and 6 
month scheduled s l i p  for  t h e  second proposa l ,  as quoted by t h e  
McDonnell Douglas Corporation. It  was estimated t h a t  approximately 
4 .0  m i l l i o n  dol la rs  could be recovered i f  t he  second proposa l  
w e r e  implemented through c a n c e l l a t i o n  of e f f o r t  on t h e  c u r r e n t  
des ign  and implementation of  t h e  communications system of  the AM. 
The above cost estimates a r e  based on t h e  use of  e x i s t i n g  hard- 
w a r e  modified as r equ i r ed  t o  meet t h e  AAP p e c u l i a r  requirements ,  
t h e  use of h igh  r e l i a b i l i t y  components meeting a l l  of t h e  usua l  
t r a c e a b i l i t y  requirements ,  and complete q u a l i f i c a t i o n  t e s t i n g  of 
a l l  hardware. N o  development of new hardware is  a n t i c i p a t e d .  
Depending upon t h e  magnitude of t h e  modi f ica t ion  of each p i e c e  of 
hardware and upon the tests a l ready  performed on each p i e c e  of 
hardware, f u l l  q u a l i f i c a t i o n  t e s t i n g  of a l l  equipments may n o t  be 
r equ i r ed  r e s u l t i n g  i n  a reduct ion of t h e  o v e r a l l  cost e s t ima te .  
I t  should be noted t h a t  t hese  costs and schedule  impact e s t i m a t e s  
are very s e n s i t i v e  t o  t h e  "go-ahead" date,  i n c r e a s i n g  as t h e  
"go-ahead" date is  delayed. 

3 0 D I S C U S S I O N  

These proposa ls  w e r e  made by MSFC fo r  t h e  dua l  purpose 
of  (a )  ensur ing  t h a t  AAP meets t h e  d a t e  (January 1, 1 9 7 5 )  agreed 
upon by NASA and t h e  Department of Defense (DOD) f o r  c e s s a t i o n  
of the  use of f requencies  i n  the  VHF te lemet ry  band ( 2 2 5  t o  260 
MHz) for  space communications a p p l i c a t i o n s ,  and (b)  p o s s i b l e  
o v e r a l l  NASA cost sav ings  r e s u l t i n g  from t h e  e l imina t ion  of 
s e l e c t e d  requirements now e x i s t i n g  i n  AAP f o r  UHF command, VHF 
voice and t e l eme t ry ,  PCM te lemet ry  decommutation, and C-band 
r a d a r  t r a c k i n g  suppor t  by s t a t i o n s  of t h e  Manned Space F l i g h t  
Network ( M S F N )  and from t h e  s i m p l i f i c a t i o n  of t h e  r equ i r ed  
p rocess ing  for  p o s t - f l i g h t  da t a  reduct ion .  The t w o  MSFC 
p roposa l s  are d iscussed  wi th  r e s p e c t  t o  these purposes i n  t h e  
fo l lowing  s e c t i o n s .  
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I n  t h e  second MSFC proposa l ,  it should be noted t h a t  
m o s t  of t h e  o l d e r  and less rel iable  communications hardware 
obta ined  f r o m  the G e m i n i  Program and used i n  t h e  c u r r e n t  
communications system of t h e  AM would be e l imina ted  and/or 
rep laced  by more r e l i a b l e  hardware us ing  s o l i d  s ta te  c i r c u i t r y .  
However, i n  order t o  maintain s u f f i c i e n t  c i r c u i t  performance 
margins on t h e  S-band communications l i n k s  from t h e  AM t o  
s t a t i o n s  of the MSFN,  S-band power a m p l i f i e r s ,  using t r a v e l i n g  
wave tubes  (TWT's) t o  provide s i g n a l  a m p l i f i c a t i o n ,  w i l l  be 
r equ i r ed  i n  t h e  AM c r e a t i n g  some concern f o r  o v e r a l l  system 
r e l i a b i l i t y  throughout t h e  complete mission of t h e  SWS. A 
s imi la r  concern e x i s t s  f o r  t h e  o v e r a l l  r e l i a b i l i t y  of  t h e  d a t a  
s t o r a g e  system of t h e  AM although t h e  nomina l  r e l i a b i l i t y  of 
t h e  recorder used i n  t h e  N I M B U S  Program (one y e a r )  which would 
be used i n  the AM s u b s t a n t i a l l y  exceeds t h a t  of t h e  r eco rde r s  
used i n  t h e  Gemini Program and i n  the c u r r e n t  communications 
system of t h e  AM. 

3 .1  Vaca t ins  the VHF Telemetrv Band 

I n  v i e w  of the c u r r e n t  schedule  f o r  mission AAP-1 
through AAP-4, the c u r r e n t  conf igura t ion  of  t h e  radio frequency 
l i n k s  of t h e  communications systems of t h e  AM, t h e  ATM, and t h e  
CSM w i l l  n o t  be a f f e c t e d  by the requirement t h a t  NASA vaca te  
t h e  VHF te lemet ry  band before  January 1, 1975.  However, s i n c e  
n e i t h e r  the  schedule n o r  t h e  c o n f i g u r a t i o n  fo r  t h e  second work- 
shop has been determined, t h i s  requirement should be a consider-  
a t i o n  i n  t h e  design of t h e  r ad io  frequency l i n k s  between the 
second workshop and s t a t i o n s  of t h e  MSFN. 

I f  t h e  mission of  t h e  second workshop ( inc lud ing  a 
second ATM) is  des igna ted  as a backup t o  t h e  mission of the  
f i rs t  workshop and the conf igu ra t ions  of t h e  f i rs t  and second 
workshops w i l l  be nominally t h e  same, it makes sense  f r o m  cost 
e f f e c t i v e n e s s  and ope ra t iona l  exper ience  viewpoints t h a t  
mod i f i ca t ions  t o  t h e  communications systems of  t h e  second work- 
shop should a l s o  be included i n  t h e  f i r s t  workshop. I t  should 
be noted t h a t  vaca t ing  t h e  VHF te lemet ry  band f o r  t h e  f i rs t  AAP 
workshop, i f  t h i s  w e r e  t h e  only o b j e c t i v e ,  could be accomplished 
m o r e  simply and cheaply than i s  done i n  t h e  second MSFC 
p roposa l  where t h e  c a p a b i l i t i e s  of the communications systems of 
t h e  AM and ATM are also upgraded. I f  t h e  f i r s t  and second work- 
shops ( inc lud ing  the  r e spec t ive  A T M ' s )  are t o  have d i f f e r e n t  
miss ions  and d i f f e r e n t  conf igu ra t ions ,  vaca t ing  t h e  VHF te lemet ry  
band does n o t  appear t o  be a s u f f i c i e n t  reason by i tself  t o  
d i c t a t e  a change i n  t h e  c u r r e n t  conf igu ra t ion  of t h e  communi- 
c a t i o n s  systems of the  f irst  workshop. 
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3.2 Network and Data Processinu C o s t  Savinas 

NASA network cost savings would be accrued by t h e  
e l imina t ion  of a l l  UHF up-data, a l l  VHF voice and te lemet ry  
and a l l  C-band radar t r a c k i n g  suppor t  requirements  on t h e  
s t a t i o n s  of  t h e  MSFN f o r  t h e  Orbital  Assembly (OA) i n  AAP 
and by t h e  reduct ion  of simultaneous PCM b i t  stream 
decommutation requirements on t h e  s t a t i o n s  of  t h e  MSFN f o r  
t h e  OA i n  AAP only  if none of t h e s e  suppor t  c a p a b i l i t i e s  of  
t h e  MSFN are r equ i r ed  by any o t h e r  NASA programs. 
i n s t a n c e ,  no network cost savings would r e s u l t  i f  a l l  VHF 
voice and t e l eme t ry  and a l l  C-band r a d a r  t r a c k i n g  suppor t  
requirements  f o r  t h e  OA w e r e  e l imina ted  because VHF 
te lemet ry  and C-band r a d a r  t r ack ing  suppor t  i s  r equ i r ed  f o r  
t h e  Sa turn  V Launch Vehicle i n  t h e  Apollo Program and VHF 
vo ice  communications suppor t  is  r equ i r ed  f o r  t h e  CSM i n  t h e  
Apollo Program. It should be noted t h a t  i f  t h e r e  is  a 
requirement f o r  e i t h e r  VHF voice or  VHF te lemet ry  suppor t  
from t h e  M S F N ,  no network c o s t  sav ings  would r e s u l t  i f  t h e r e  
w e r e  no requirement for  t h e  o the r .  I n  t h e i r  p re l iminary  
network cost sav ings  a n a l y s i s  (Attachment 11, MSC has 
ass igned  a va lue  f o r  network c o s t  sav ings  r e s u l t i n g  from 
e l i m i n a t i o n  i n  AAP of C-band t r a c k i n g  suppor t  requirements 
which w i l l  n o t  be r e a l i z e d .  

For 

El iminat ion of t h e  UHF up-data suppor t  requirements 
may r e s u l t  i n  a network cost sav ings  i f  suppor t  f o r  t h e  OA 

of t h e  UHF up-data system o f  t h e  Instrument Unit  ( I U )  of t h e  
Sa tu rn  I B  Launch v e h i c l e  during Earth o r b i t  coast a f t e r  
i n s e r t i o n  of t h e  CSM i n t o  Earth o r b i t  f o r  missions AAP-2 
through AAP-4 i s  n o t  mandatory. UHF up-data suppor t  of t h e  
Sa tu rn  I B  Launch Vehicle w i l l  be r equ i r ed  i n  t h e  launch area 
f o r  range s a f e t y  purposes and t o  provide a backup t o  t h e  
on-board launch v e h i c l e  computer. I t  does n o t  appear t h a t  
suppor t  of t h e  UHF up-data s y s t e m s  of t h e  I U  of  t h e  Saturn I B  
Launch Vehicle i n  Earth o r b i t  a f t e r  s e p a r a t i o n  of t h e  CSM i s  
mandatory, however, confirmation of t h i s  i s  requi red .  The 
f i r s t  MSFC proposal  was made s o l e l y  t o  t ake  advantage of 
network c o s t  sav ings  provided by removal of t h e  UHF up-data 
t ransmiss ion  c a p a b i l i t y  from those  s t a t i o n s  of  t h e  MSFN which 
now have t h a t  c a p a b i l i t y  except  f o r  those  s t a t i o n s  which 
suppor t  t h e  launch phase. 

I n  t h e  c u r r e n t  conf igura t ion  of  t h e  communications 
systems of t h e  AM, ATM, and CSM, a d i f f e r e n t  PCM b i t  stream 
w i l l  be t r ansmi t t ed  i n  real- t ime from each of t h e s e  t h r e e  
modules and each w i l l  r equi re  real-time PCM decommutation 
s u p p o r t  by the  s t a t i o n s  of t h e  MSFN f o r  f l i g h t  c o n t r o l  
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purposes. A s  c u r r e n t l y  configured,  each s t a t i o n  of t h e  MSFN 
has a t  l ea s t  t h r e e  PCM decommutators. However, f o r  r e l i a b i l i t y  
reasons, a f o u r t h  PCM decommutator w i l l  be r equ i r ed  a t  each 
s t a t i o n  i f  decommutation support  of t h r e e  d i f f e r e n t  PCM b i t  
streams i s  requ i r ed  s imultaneously.  I n  t h e  second MSFC 
proposa l  as i n d i c a t e d  ear l ier ,  t h e  1 . 6  kbps real-time PCM 
te lemet ry  b i t  stream w i l l  be routed t o  t h e  proposed new PCM 
t e l eme t ry  system of t h e  AM where it w i l l  be i n t e g r a t e d  wi th  
t h e  d a t a  from t h e  SWS t o  form a s i n g l e  PCM b i t  stream con ta in ing  
t h e  d a t a  r equ i r ed  i n  real- t ime from both t h e  CSM and t h e  SWS. 
As a consequence, only two PCM b i t  streams w i l l  be t r a n s m i t t e d  
from t h e  OA which w i l l  r e q u i r e  real-time decommutation suppor t  
by s t a t i o n s  of t h e  MSFN, one f r o m  t h e  ATM and t h e  o t h e r  f r o m  t h e  
AM. I t  should be noted t h a t  p e r i o d i c a l l y  (once p e r  week up t o  
once p e r  day) t h e  d a t a  contained i n  t h e  51.2 kbps real-time PCM 
t e l eme t ry  b i t  stream w i l l  be requi red  f o r  f l i g h t  c o n t r o l  
purposes.  Since t h e  proposed new AM t e lemet ry  system w i l l  n o t  
be capable  of accommodating a 51.2 kbps PCM b i t  stream from t h e  
CSM, t he  51.2 kbps real-time PCM t e lemet ry  b i t  stream from t h e  
CSM w i l l  be t r ansmi t t ed  s e p a r a t e l y  t o  t h e  MSFN v i a  t h e  USB 
system of t h e  CSM. I n  t h i s  ca se ,  t h r e e  PCM b i t  streams w i l l  
r e q u i r e  real-time decommutation suppor t  by s t a t i o n s  of t h e  
MSFN, one from t h e  ATM, t h e  second from t h e  AM, and t h e  t h i r d  
from t h e  CSM. Furthermore, t h e  CSM PCM te lemet ry  system w i l l  
be used t o  t r a n s m i t  p e r i o d i c a l l y  t h e  d a t a  s t o r e d  by t h e  d a t a  
systems of  experiments S061-Potato Respi ra t ion  and S071/072- 
Ci rcadian  P e r i o d i c i t y  which w i l l  be conducted au tomat ica l ly  
on-board d i f f e r e n t  CSM's of AAP. The 51.2 kbps real-time PCM 
t e l eme t ry  b i t  s t ream must be t r ansmi t t ed  t o  a s t a t i o n  of t h e  
MSFN whenever t h e  d a t a  s t o r e d  i n  t h e  d a t a  system of e i t h e r  one 
of t h e s e  experiments i s  commanded t o  be dumped. The s t o r a g e  
c a p a c i t y  of t h e  d a t a  system of experiment SO61 i s  l i m i t e d  t o  
approximately 2.5 hours while t h a t  of experiments S071/072 is  
approximately 7.5 hours.  To avoid loss  of experiment d a t a ,  t h e  
s t o r e d  d a t a  must be dumped a t  lesser i n t e r v a l s  as commanded by 
s t a t i o n s  of t h e  MSFN v i a  t h e  USB system of  t h e  CSM. Hence, t h e  
r e c e i v e  po r t ion  of t h e  CSM USB system must remain  a c t i v e  t o  
enab le  ground c o n t r o l  of these  experiments.  Therefore ,  it can 
be seen  t h a t  t h e  second MSFC proposal  w i l l  n o t  r e s u l t  i n  a 
r educ t ion  of t h e  suppor t  requi red  f o r  decornuta t ion  of  real-  
t i m e  PCM te lemet ry  b i t  streams unless :  (a)  experiments SO61 
and S071/072 are conducted i n  t h e  SWS and use t h e  AM PCM 
te l eme t ry  system fo r  t ransmission of t h e i r  s t o r e d  d a t a  dumps, 
and (b) t h e  51.2 kbps real-t ime PCM te lemet ry  b i t  stream 
t r ansmiss ions  f r o m  t h e  CSM f o r  f l i g h t  c o n t r o l  purposes can be 
scheduled t o  occur over  a s t a t i o n  of t h e  MSFN which is  equipped 
w i t h  a t  l ea s t  four  PCM decommutators (e.g. M I L A  which r e q u i r e s  
f o u r  PCM decommutators t o  support  Apollo-Saturn V launches) .  
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I n  o r d e r  f o r  t h e  t a s k  of  p o s t - f l i g h t  d a t a  reduct ion  
t o  be  s i m p l i f i e d  s i g n i f i c a n t l y  which would r e s u l t  i n  a cost  
sav ings ,  t h e  number of s epa ra t e  rea l - t ime and delayed-time PCM 
t e l eme t ry  b i t  streams from t h e  @A must he reduced from t h e  
c u r r e n t  number. I n  t h e  c u r r e n t  conf igu ra t ion  of t h e  
communications systems of t h e  AM, ATM, and CSM, there w i l l  be 
one real-time PCM te lemet ry  b i t  s t ream t r a n s m i t t e d  from each 
of t h e  t h r e e  modules, t h e r e  w i l l  be one delayed-time PCM 
te lemet ry  b i t  stream t r ansmi t t ed  f r o m  t h e  F-TM, and t h e r e  w i l l  
be three delayed-time PCM b i t  streams t r a n s m i t t e d  from t h e  AM. 
I n  t h e  AM, one delayed-time PCM b i t  s t ream w i l l  con ta in  house- 
keeping d a t a  on SWS systems and experiments,  t h e  second w i l l  
conta in  d a t a  f r o m  var ious  medical experiments conducted i n  t h e  
SWS, and t h e  t h i r d  w i l l  contain d a t a  i n  a t i m e  shared  manner 
from va r ious  medical experiments,  experiment M509 (Astronaut  
Maneuvering Equipment), experiment TO13 (Crew-Vehicle 
Disturbance)  , and TO20 (Foot-Controlled Maneuver Un i t ) .  From 
t h e  s t andpo in t  of achieving maximum c o s t  sav ings  on t h e  pos t -  
f l i g h t  d a t a  reduct ion  t a s k ,  a l l  of t h e  d a t a  from t h e  ATM, SWS, 
and CSM inc lud ing  experiment d a t a  t r ansmi t t ed  i n  real-time t o  
t h e  s t a t i o n s  of t h e  MSFN should appear i n  a s i n g l e  rea l - t ime 
PCM te lemet ry  b i t  stream and a l l  of t h e  d a t a  from t h e  ATM, SWS, 
and CSM inc lud ing  experiment d a t a  t r a n s m i t t e d  i n  delayed-time 
should appear i n  a second PCM te lemet ry  b i t  stream. 

I t  appears t h a t  n e i t h e r  of t h e  two MSFC proposa ls  
w i l l  r e s u l t  i n  a major s i m p l i f i c a t i o n  i n  t h e  t a s k  of pos t -  
f l i g h t  d a t a  reduct ion .  As i nd ica t ed  e a r l i e r ,  the  f i r s t  MSFC 
proposa l  would n o t  change the  c u r r e n t  communications systems 
conf igu ra t ion  for  real-time and delayed-time voice  and real- 
t i m e  and delayed-time te lemetry t ransmiss ions  t o  s t a t i o n s  of 
t h e  MSFN. I n  t h e  second MSFC p roposa l ,  some s m a l l  
s i m p l i f i c a t i o n  of t h e  p o s t - f l i g h t  d a t a  reduct ion  t a s k  would 
be r e a l i z e d  by t h e  i n t e g r a t i o n  of t h e  real-time te lemet ry  d a t a  
f r o m  t h e  CSM and t h e  AM i n t o  a s i n g l e  PCM te lemet ry  b i t  stream 
dur ing  p o r t i o n s  of the var ious AAP missions.  Thus t h e  number 
of real-time PCM te lemet ry  b i t  streams would be reduced from 
three t o  t w o .  However, no s i m p l i f i c a t i o n  would be r e a l i z e d  
du r ing  those  po r t ions  of t h e  va r ious  AAP missions when t rans-  
mission of t h e  51.2 kbps real- t ime PCM te lemet ry  b i t  stream 
w a s  r equ i r ed  as d iscussed  i n  t h e  previous paragraphs.  

S i n c e  it is  planned t h a t  a l l  of t h e  te lemet ry  and 
vo ice  information s t o r e d  on-board t h e  OA w i l l  be dumped 
s imultaneously t o  s t a t ions  of t h e  MSFN i n  t h e  second MSFC 
proposa l ,  some s i m p l i f i c a t i o n  of  t h e  d a t a  reduct ion  t a s k  w i l l  
be r e a l i z e d  through convenience alone.  I n  t h e  second MSFC 
p roposa l ,  it i s  d e s i r e d  t o  i n t e g r a t e  i n t o  a s i n g l e  PCM b i t  
s t r eam a l l  housekeeping da ta  on SWS systems and experiments 
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and a l l  experiment d a t a  from the  va r ious  medical experiments 
which i s  r equ i r ed  f o r  on-board s t o r a g e .  However, due t o  t h e  
l a r g e  amount of d a t a  t o  be s t o r e d  from t h e  medical experiments 
( p r i n c i p a l l y  the t h r e e  e lec t rocard iogram measurements) and t h e  
l i m i t e d  b i t  ra te  record  c a p a b i l i t y  p e r  channel of t h e  
r eco rde r  proposed f o r  add i t ion  t o  t h e  AM, t h i s  d a t a  may be 
s p l i t  i n t o  t w o  o r  t h r e e  sepa ra t e  PCM b i t  s t reams.  Fu r the r  
i n v e s t i g a t i o n  is requ i r ed  i n  t h i s  area. Other than t h e s e  one, 
t w o ,  or  t h r e e  delayed t i m e  PCM b i t  s t reams,  t h e r e  w i l l  be one 
delayed-time PCM b i t  s t ream conta in ing  d a t a  from t h e  ATM and 
one delayed-time PCM b i t  stream con ta in ing  d a t a  i n  a t i m e -  
shared  manner from experiments M509, T013, and T020. 

I n  o r d e r  t o  dump simultaneously a l l  t e lemet ry  and 
voice information s t o r e d  on-board t h e  OA, it i s  planned i n  t h e  
second MSFC proposa l  t o  frequency mul t ip l ex  t h e  var ious  s t o r e d  
PCM te lemet ry  b i t  streams and t h e  s t o r e d  voice  s i g n a l  upon 
playback t o  form a s i n g l e  wideband baseband s i g n a l  which would 
be t r a n s m i t t e d  t o  t h e  s t a t i o n s  of t h e  MSFN v i a  t h e  USB system 
added t o  t h e  AM. Since some of t h e  te lemet ry  and/or t h e  voice  
s i g n a l s  w i l l  be modulated on s u b c a r r i e r s  which could no t  be 
supported by a l l  USB s t a t i o n s  of  t h e  MSFN as they  are c u r r e n t l y  
conf igured ,  t h e  suppor t  c a p a b i l i t i e s  of t h e  USB s t a t i o n s  of t h e  
MSFN must be augmented t o  inc lude  t h e  appropr i a t e  s u b c a r r i e r  
demodulators. I t  should he noted t h a t  it is l i k e l y  t h a t  s o m e  
new subcarrier demodulators requi red  f o r  suppor t  of f u t u r e  
m i s s i o n s  of t h e  Apollo Program w i l l  be added t o  s e l e c t e d  USB 
s t a t i o n s  of t h e  MSFN and could provide s u b c a r r i e r  demodulation 
suppor t  f o r  AAP. 

4 . 0  SUMMARY 

Modif icat ion and i n t e g r a t i o n  of t h e  c u r r e n t  
communications systems of t he  AM and t h e  ATM of mission AAP-1 
t o  provide t h e  c a p a b i l i t i e s  t o  f u l f i l l  t h e  rea l - t ime and delayed- 
t i m e  t e lemet ry  and voice communications, up-data, t e l e v i s i o n ,  
and t r a c k i n g  a i d  requirements of  t h e  SWS, t h e  ATM, and t h e  CSM 
w i t h  a p p l i c a t i o n  t o  the  second workshop appear p o t e n t i a l l y  
a t t r a c t i v e  from t h e  s tandpoin ts  of  ground network cost sav ings ,  
p o s t - f l i g h t  d a t a  reduct ion c o s t  s av ings ,  r e l i a b i l i t y ,  and 
v a c a t i n g  the  VHF te lemet ry  band (225 t o  260 MHz) befo re  
January 1, 1975.  MSFC has made two proposa ls  f o r  modi f ica t ion  
and p a r t i a l  i n t e g r a t i o n  of t h e  c u r r e n t  communications systems 
of t h e  AM and ATM of m i s s i o n  AAP-1. The f i r s t  proposal  would 
provide  t h e  AM with an S-band r ece iv ing  system and t h e  
c a p a b i l i t y  t o  receive up-data s i g n a l s  f o r  both t h e  AM and ATM 
up-data systems. 
w i t h  a USB system which would nominally provide t h e  only 

The second proposa l  would provide t h e  AM 
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communications l i n k  between the OA and s t a t i o n s  of t h e  MSFN 
and t h e  c a p a b i l i t y  f o r  p a r t i a l  i n t e g r a t i o n  of the t e l eme t ry  
systems of the AM and the CSM. The cost and schedule  impact 
r e s u l t i n g  from implementation o f  ei ther of t h e s e  proposa ls  
on t h e  f i r s t  and second workshops of 3.0 m i l l i o n  d o l l a r s  and 
3 months schedule  s l i p  of t h e  f i rs t  workshop and 24 .0  m i l l i o n  
d o l l a r s  and 6 months, r e s p e c t i v e l y ,  quoted by McDonnell 
Douglas Corporation w a s  based on the use  of e x i s t i n g  hardware 
modified as r equ i r ed ,  t h e  use of high r e l i a b i l i t y  components, 
complete q u a l i f i c a t i o n  t e s t i n g  of  a l l  hardware, and g e t t i n g  a 
reasonably prompt "go-ahead", b u t  does n o t  inc lude  cost 
sav ings  r e s u l t i n g  from c a n c e l l a t i o n  of work on t h e  c u r r e n t l y  
planned system. 

S i g n i f i c a n t  network cost sav ings  (see Attachment 1) 
would be r e a l i z e d  i f  e i ther  proposal  w e r e  implemented provid ing  
t h a t  the UHF up-data system of t h e  I U  of the  Saturn I B  Launch 
Vehicles  used i n  AAP does not  r e q u i r e  suppor t  by s t a t i o n s  of 
t h e  MSFN when coas t ing  i n  Earth o r b i t .  I f  Ea r th  o r b i t  suppor t  
of t h e  UHF up-data system of t h e  I U  i s  r equ i r ed ,  implementation 
of t h e  f i r s t  MSFC proposal  would n o t  be cost e f f e c t i v e .  

S i g n i f i c a n t  network cost  sav ings  (see Attachment 1) 
would be r e a l i z e d  i f  t h e  number of  PCM te lemet ry  b i t  s t reams 
which must be decommutated s imultaneously by any s t a t i o n  of 
t h e  MSFN never  exceeds t w o .  I n  t h e  MSFC second proposa l ,  t he  
number of PCM te lemet ry  b i t  streams r e q u i r i n g  simultaneous 
real-time decommutation w i l l  be t w o  only i f  experiments SO61 
and S071/072 are conducted i n  t h e  SWS r a t h e r  than i n  t h e  CSM 
as now ass igned  and if t h e  p e r i o d i c  51.2 kbps real-time PCM 
t e l eme t ry  b i t  stream t ransmiss ions  f r o m  the  CSM f o r  f l i g h t  
c o n t r o l  purposes can be scheduled t o  occur  over  a s t a t i o n  of 
t h e  MSFN c u r r e n t l y  possessing a t  l eas t  f o u r  PCM decommutators 
(e.9. MILA).  

I f  the second MSFC proposa l  is  implemented, t h e  
r e l i a b i l i t y  of the communications system of t h e  AM used t o  m e e t  
t h e  communications requirements of t h e  SWS would be enhanced 
because hardware f r o m  the Gemini Program (e.g. VHF t r a n s m i t t e r s ,  
t a p e  r eco rde r s ,  e tc . )  whose r e l i a b i l i t y  i n  i t s  a p p l i c a t i o n  i n  
t h e  communications system of t he  AM i s  ques t ionab le  over  t h e  
AAP mission du ra t ion  would be replaced.  

Some s m a l l  network cost  sav ings  and some s m a l l  
p o s t - f l i g h t  d a t a  reduct ion  c o s t  sav ings  (see Attachment 1) would 
be r e a l i z e d  if t h e  second MSFC proposa l  i s  implemented because 
a l l  of the te lemet ry  and voice information stored on-board t h e  
OA w i l l  be dumped t o  the MSFN s imultaneously and because t h e  
number of s e p a r a t e  real-t ime and delayed-time PCM te lemet ry  b i t  
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streams from t h e  OA t o  be processed a f t e r  mission completion 
w i l l  be reduced s l i g h t l y .  

Some network cost would be incu r red  i f  t h e  second 
MSFC proposa l  w e r e  implemented i n  o r d e r  t o  provide t h e  USB 
s t a t i o n s  of t h e  MSFN wi th  s u f f i c i e n t  s u b c a r r i e r  demodulators 
t o  suppor t  a f t e r  r ecep t ion  the frequency mult iplexed base- 
band s i g n a l  con ta in ing  a l l  of t h e  delayed-time t e l eme t ry  and 
voice information t r ansmi t t ed  from t h e  OA. 

I n  o r d e r  t o  achieve major p o s t - f l i g h t  d a t a  reduct ion  
sav ings ,  a l l  of t h e  d a t a  from t h e  ATM, SWS, and CSM which i s  
r equ i r ed  f o r  real-time transmission t o  t h e  MSFN should be 
combined i n t o  a s i n g l e  PCM b i t  stream and a l l  of t h e  d a t a  from 
t h e  ATM, SWS, CSM, and experiments provided wi th  s e p a r a t e  d a t a  
systems (M509, T013, T022 ,  S061, and S071/072)  which i s  s t o r e d  
on-board the  OA should be combined i n t o  a d i f f e r e n t  PCM 
te lemet ry  b i t  stream. These t w o  PCM te lemet ry  b i t  s t reams 
would conta in  a l l  of t h e  te lemetry d a t a  t r a n s m i t t e d  from t h e  
OA t o  t h e  s t a t i o n s  of  t h e  MSFN.  

I n  view of t h e  c u r r e n t  schedule  f o r  missions AAP-1 
through AAP-4, t h e  f i r s t  workshop w i l l  n o t  be a f f e c t e d  by t h e  
requirement t h a t  NASA vaca te  t h e  VHF te lemet ry  band be fo re  
January 1, 1975. However, t h i s  requirement w i l l  impact t h e  
des ign  of t h e  r a d i o  frequency communications l i n k s  of t h e  
second workshop i f  t h e  mission of t h e  second workshop could 
ex tend  i n t o  or beyond 1975. I t  should be noted t h a t  
modi f ica t ion  of t h e  telemetry t ransmiss ion  systems of t h e  
Sa tu rn  I B  Launch Vehicles w i l l  also be r equ i r ed  i f  they are t o  
be used a f t e r  t h e  end of 1974 f o r  AAP CSM launches.  

I t  is  t h e  opinion of t h e  w r i t e r  t h a t  n e i t h e r  one of 
t h e  two MSFC proposals  should be implemented on t h e  f i r s t  
workshop. Implementation of  e i t h e r  proposal  on t h e  f i r s t  
workshop w i l l  n o t  r e s u l t  i n  s u f f i c i e n t  cost sav ings  spread over  
t h e  y e a r s  through 1972  nor r e s u l t  i n  a s u f f i c i e n t l y  i n t e g r a t e d  
communications system design f o r  d i r e c t  a p p l i c a t i o n  t o  t h e  
second workshop t o  j u s t i f y  t h e  large i n i t i a l  costs and t h e  
schedule  s l i p  f o r  implementation on t h e  f i r s t  workshop. 
Cons idera t ion  should be given t o  t h e  implementation of an 
i n t e g r a t e d  te lemet ry  system f o r  t h e  f i r s t  and/or second work- 
shops which would i n t e g r a t e  t h e  d a t a  from t h e  workshop and a l l  
modules docked t o  it (e.g. ATM, CSM) dur ing  any p a r t  of i t s  
mission i n t o  t w o  PCM te lemetry b i t  streams, one conta in ing  a l l  
of t h e  real-time te lemet ry  da t a  and t h e  second con ta in ing  a l l  
of  t h e  delayed-time d a t a  from t h e  OA. A s  a p a r t  of  t h i s  
c o n s i d e r a t i o n ,  t h e  p o s t - f l i g h t  d a t a  reduct ion  cost sav ings  
r e a l i z e d  through reduct ion  of t h e  number of PCM te lemet ry  b i t  
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streams t o  be processed t o  a t o t a l  of  two should be determined. 
P o s t - f l i g h t  d a t a  reduct ion  c o s t  sav ings  r e a l i z e d  i n  t h i s  manner 
would be una f fec t ed  i f  a USB system w e r e  inc luded  on t h e  work- 
shop t o  t r a n s m i t  t h e  PCM b i t  streams or  t h e  VHF t e l eme t ry  
t r a n s m i t t e r s  w e r e  r e t a ined .  However, it appears  prudent  t o  
r ep lace  t h e  VHF te lemet ry  t r a n s m i t t e r s  a s  w e l l  as t h e  UHF up- 
data receivers wi th  a USB system on t h e  second workshop regard-  
less of whether o r  n o t  a i n t e g r a t e d  t e l eme t ry  system i s  imple- 
mented on t h e  second workshop. The implementation of t h i s  
i n t e g r a t e d  t e l eme t ry  system would be e s p e c i a l l y  a t t r a c t i v e  i f  
t h e  o p e r a t i o n a l  t es t  of t h e  In te l sa t  I V  r e l a y  t e rmina l  t o  be 
c a r r i e d  on t h e  f i r s t  workshop proves s u c c e s s f u l  and is  c a r r i e d  
on t h e  second workshop. I t  makes s e n s e  from cost e f f e c t i v e n e s s  
and o p e r a t i o n a l  experience s tandpoin ts  t o  inc lude  any 
modi f ica t ions  planned f o r  t h e  communications system of t h e  
second workshop i n  t h e  communications system of  t h e  f i r s t  work- 
shop although schedule  s l i p  may become t h e  determining f a c t o r  
whether o r  n o t  t h e  modif icat ions are inco rpora t ed  i n t o  t h e  
f i r s t  workshop. 

2034-AGW-mbr 

Attachments 1-3 
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